Introduction
The indole moiety is the most well-known heterocycle and a common and important feature of a variety of natural products and medicinal agents.
1 Furthermore, it has been reported that the addition of the indole 3-carbon atom in the formation of spiroindoline derivatives highly enhances biological activity.
2
Spirooxindoles are a key structural element in a wide range of natural products with biological activities. 3 They have attracted signicant attention due to their useful pharmacological properties and biological activities including antimicrobial, 4 anti-tumor, 5 anti-tubercular, 6 anti-inammatory, 7 anti-HIV, 8 anti-fungal, 9 the action as inhibitors of the human NK-1 receptor, 10 anti-cancer, 11 antibiotic, 12 and anti-malarial.
13
Spirocyclic oxindoles containing a six-membered moiety, especially a six-membered piperidine structure at the C-3 position, have a wide spectrum of biological activities; examples include the non-peptidyl growth hormone secretagogue MK-0677 (ref. 14) and potent non-peptide MDM2 inhibitors, 15 which may have utility as anticancer agents (Fig. 1) .
During the last years, there has been considerable interest in the synthesis of spirooxindoles fused in the 3-position from three-membered to seven-membered spiro-rings 16 and other fused heterocyclic compounds, which have multi-ring structures similar to spirooxindole dihydropyridines and spirooxindolepyrans.
17
In general, the synthesis of spirooxindole frameworks containing six-membered nitrogen rings has more limitations than that of ve-membered heterocyclic moieties. In the last decade, synthetic methods for the generation of spiropyridineoxindoles via multicomponent reactions have been abundantly developed.
18 Previous approaches for producing these structures relied on utilizing isatin, various C-H acids and a wide variety of different enamines as starting materials. Among these strategies, similar cases in which ketene aminals have been used as enamines are reported here (Fig. 2) .
In 2015, a green approach to the synthesis of the spirooxoindole derivative A was described in water in the presence of a catalytic amount of NaCl by using ethylcyanoacetate and heterocyclic ketene aminals. 19 In 2014, another reaction was reported using benzoylacetonitrile and 2-(nitromethylene)imidazoline in ethanol and trimethylamine, which led to the corresponding product B.
20
In 2013, a method was developed using a mixture of ethyl triuoroacetate, HKA and different isatins in the presence of piperidine in ethanol to give product C. 21 In 2019, the fourcomponent reaction of various amines and nitroketene dithioacetal with isatin and barbituric acid derivatives in water afforded spirooxindole D. 22 As a part of our program on the study of developing new multi-component reactions for the synthesis of heterocyclic compounds, we report the efficient synthesis of novel spiroimidazopyridineoxindole, spiropyridopyrimidineoxindole and spiropyridodiazepineoxindole structures via a one-pot, four-component reaction of nitro ketene aminals derived from the addition of various 1,n-diamines to 1,1-bis(methylthio)-2-nitroethylene, isatin and its derivatives and Meldrum's acid in the presence of p-TSA. To the best of our knowledge, these structures have not been synthesized so far and there are no reports on the preparation of spirooxindoles from Meldrum's acid.
Results and discussion
We prepared the spiropyridineoxindole derivative 5 via one-pot four-component condensation of diamine 1, 1,1-bis(methylthio)-2-nitroethylene 2, isatin 3 and Meldrum's acid 4 in the presence of p-TSA catalyst in ethanol under reux conditions (Scheme 1). The reaction was completed aer 0.15-6 h to afford the corresponding heterocyclic systems 5a-j in moderate to good yields (69-87%).
For our initial investigation, the reaction of diamine 1a (1 mmol), dithioacetal 2 (1 mmol), isatin 3a (1 mmol) and Meldrum's acid 4 (20% mmol) was considered as the model reaction. The effects of various catalysts, solvents and temperatures were monitored (Table 1 ). These results indicated that the best reaction conditions for the synthesis of spirooxindole 5a were obtained in ethanol as the solvent and by using p-TSA as the catalyst at reux conditions. This procedure provided the highest yield of 87% and the shortest reaction time (Table 1,  entry 7) .
We explored the scope of this reaction by varying the structures of diamine 1a-d and isatin 3a-c components. The reaction proceeded to afford a series of spiropyridineoxindole derivatives 5a-j in 66-87% yields. The results are summarized in Table 2 . This reaction was performed with other derivatives of isatin (Nbenzyl and N-butyl isatin) under the same conditions but did not result in the product. Additionally, the reaction of N-ethyl isatin with 1,2-diaminopropane and 1,3-diaminopropane did not produce a product. Also, when 1,2-diaminocyclohexane was used for the synthesis of ketene aminal, no reaction occurred. We also tried using 1,2-diaminophenyl and aromatic amines in the reaction conditions. All the reactions were very slow and did not result in the desired products. The structures of compounds 5a-j were deduced from their mass, IR, 1 H NMR, and 13 C NMR spectroscopic data (ESI †). The mass spectrum of 5a displays a molecular-ion peak at m/ z 300, which is in agreement with the proposed structure. The IR spectrum of 5a shows broad absorption bands due to NH at 3327 À1 , stretching vibrations of the CH 2 groups at 2920 À1 , strong absorption bands of carbonyl groups at 1725 À1 and 1683 À1 and absorption bands at 1480 À1 and 1369 cm À1 related to NO 2 . A plausible mechanism for the formation of spiropyridineoxindole 5 is depicted in Scheme 2. On the basis of the well-established chemistry of 1,1-bis(methylthio)-2-nitroethylene, initially, the addition of diamine 1 to 1,1-bis(methylthio)-2-nitroethylene 2 leads to the formation of ketene aminal 6. The second step involves the condensation of isatin 3 with Meldrum's acid 4 in the presence of p-toluenesulfonic acid to afford the Knoevenagel product 7. Then, the Michael addition of the ketene aminal 6 to adduct 7 affords the intermediate 8; it undergoes subsequent imine-enamine tautomerization, followed by intramolecular cyclization via the nucleophilic addition of -NH to the carbonyl group. Subsequently, one equivalent of CO 2 and acetone are removed from intermediate 9 to give the corresponding product 5 (Scheme 2).
Experimental

Materials
Meldrum's acid, 1,1-bis(methylthio)-2-nitro ethylene, diamines, various isatin derivatives, p-toluenesulfonic acid and solvents were purchased from Sigma-Aldrich and used as received without further purication. Melting points (mp) were determined with an electrothermal 9100 apparatus. Infrared (IR) spectra were recorded on a Bruker Tensor 27 spectrometer. Nuclear magnetic resonance (NMR) spectra were obtained on a Bruker DRX-300 Avance instrument (300 MHz for 1 H and 75.4
MHz for 13 C) with CDCl 3 and DMSO as solvents. Chemical shis were expressed in parts per million (ppm) relative to internal TMS, and the coupling constant (J) was reported in hertz (Hz). All of the compounds were analyzed for mass data using Agilent 5975C VL MSD with a Triple-Axis Detector operating at an ionization potential of 70 eV.
General procedure for the synthesis of 8-nitro-2,
A mixture of ethylene diamine (66 mL, 1 mmol), 1,1-bis(methylthio)-2-nitroethylene (0.165 g, 1 mmol) and 10 mL EtOH in a 50 mL ask was reuxed for 6 h. Aer completion of the reaction (monitored by TLC, ethyl acetate/n-hexane, 1 : 1), isatin (0.147 g, 1 mmol), Meldrum's acid (0.144 g, 1 mmol) and p-toluenesulfonic acid (0.03 g, 0.2 mmol) were added to the reaction mixture, and it was stirred under reux for 0.15 h. The progress of the reaction was monitored by TLC using ethyl acetate-n-hexane (1 : 1) as an eluent. Aer reaction completion, the precipitated product was collected by ltration and washed with EtOH to give the pure product 5a in 87% yield. 1-Methyl-10 
Conclusion
We designed a novel and convenient procedure for the synthesis of three new classes of spiropyridineoxindoles with fused heterocyclic compounds (imidazole, pyrimidine and diazepine) in good yields via a four-component reaction among 1,1-bis(methylthio)-2-nitroethylene, various aliphatic diamines, Meldrum's acid and isatin derivatives using a catalytic amount of p-TSA. The present process has several important features including mild and facile reaction conditions, easy accessibility of reactants, a simple workup procedure, the use of ethanol as a solvent, short reaction times, and good-to-high yields. These structures having both indole and fused-pyridine moieties, which are some of the most typical privileged scaffolds, are completely new and there is no other report on their synthesis.
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